Although most Australians receive their domestic supply from reticulated mains or town water, there are vast areas with very low population densities and few reticulated supplies. In many of these areas rainwater collected in tanks is the primary source of drinking water. Heavy metals have recently become a concern as their concentration in rain water tanks was found to exceed recommended levels suitable for human consumption. Rainwater storage tanks also accumulate contaminants and sediments that settle to the bottom. Although not widely acknowledged, small amounts of contaminants such as lead found in rain water (used as drinking water) may have a cumulative and poisonous effect on human health over a life time. This is true for certain factors that underlie many of the chronic illnesses that are becoming increasingly common in contemporary society. The paper reports on a study which is part of a project that aims to develop a cost effective in-line filtration system to improve water quality in rainwater tanks.
INTRODUCTION
Heavy metals have recently become a concern as their concentrations in rain water tanks was found to exceed recommended levels suitable for human consumption (Simmons et al. 2001; Han et al. 2006; Magyar et al. 2008) .
Rainwater storage tanks also accumulate contaminants and sediments that settle to the bottom. Not well acknowledged is that small amounts of contaminants such as lead found in doi: 10.2166/wst.2010.823 rainwater can have a cumulative and poisonous effect on human health over a life time of consumption. This is true for certain factors that underlie many of the chronic illnesses that are becoming increasingly common in contemporary society (Barzilay et al. 1999) .
The paper reports on a study which is part of a project that aims to develop a cost effective in-line filtration system to improve water quality in rainwater tanks. To enable this, the characteristics of rainwater need to be known. One the rainwater to enter the tank through a charged pipe system.
In charged systems, water remains stagnant in the pipes between rain events giving rise to adverse water quality issues.
The first flush devices installed on these rainwater tanks generally consist of a 100 mm diameter PVC pipe with a maximum length smaller than the height of the tank.
Generally, the first flush pipe is a maximum of 1.8 m long, which has a storage capacity of 14 litres. In charged systems (see Figure 1 ), this first flush system is not enough to cope with the water that remains stagnant in the pipes between rain events in addition to the first flush from the roof. In this study a charged system was not used, see Figure 3 .
EXPERIMENTAL METHODS

Rainwater tank location and sampling
In this study, sampling was carried out on a typical rainwater tank located in Sydney, Australia. The Sydney
Basin is a classic "closed" geographical basin, bounded by high ground to the south, west and north, and by the temperature differential between land and ocean on the eastern side as shown in Figure 2 . From early morning, air pollution generated from primary sources (industry, road transport, etc.) collects over the Sydney basin. Onshore afternoon sea breezes, typically from the north-east, pick-up this air pollution and smog and concentrate it in the south western corner of Sydney. The air quality in Sydney is worst in the South Western suburbs and it is here the sampled rainwater tank is located as shown in Figure 2 .
The rainwater tank which is less than one year old collects water off concrete roof tiles from a 30 year old house located in Ingleburn in the south-west part of Sydney.
The glaze from these tiles, after 30 years, has already worn out. There was no lead flashing on the roof. The house is part of a residential suburb that is located near an industrial area and a freeway. The rainwater tank is made from polyethylene and is plumbed using PVC pipe and fittings from the aluminium gutter to the tank as shown in Figure 3 .
It is not a charged system. The rain events, summarised in Table 1, that were analysed for this investigation comply with the following conditions:
1. A previous significant storm event washed the roof, 2. At least a two-week dry period followed the significant storm event,
3. Adequate and consistent rainfall occurred after the twoweek dry period to enable at least 3 mm of first flush sample to be collected for laboratory analysis.
Samples were collected from the downpipe approximately every 2.5 min after the start of the storm for up to 25 min, see Table 1 . The records of both an on-site electronic weather station and an on-site manual rain gauge were examined to determine how many millimetres of rain had fallen during the collection of each sample. Samples were taken directly from the downpipe from the gutter before the first flush system as shown in Figure 3 .
Samples of rainfall (before coming into contact with the roof) were also taken to obtain the concentration of pollutants in rainfall.
Laboratory water quality
Detailed laboratory analyses were carried out on the samples collected to determine individual pollutants in the first flush. 
RESULTS AND DISCUSSION
The results of pollutant concentration over the depth of rainfall are given in Figure 4 for all three rainfall events Also shown on Figure 4 are the measurements of concentration of pollutants in rainfall that had not come into contact with the roof. Table 1 gives the numerical data of some other pollutants, their applicable ADWG limits, and the concentration in potable tap water and rainwater that had not come into contact with the roof. Table 2 shows that conductivity is well below the ADWG limit of 0.8 dS/m. It should be noted that from previous studies that were conducted on rainwater tanks in Australia, some tanks did not comply with ADWG limits of turbidity (Magyar et al. 2007 (Magyar et al. , 2008 . The particular tanks that did not comply were smaller tanks that the users did not rely upon for everyday potable needs. Generally the larger the rainwater tank, the less the effects are of the first flush as it is diluted into a much larger body of stored water, due to the tank capacity being able to capture a longer duration of each storm event.
Figure 4d -g and Table 2 show the data for metals. Figure 4d and Table 1 show that the iron and manganese ADWG limits of 0.3 and 0.1 mg/L respectively are exceeded in runoff from the first 1 to 1.5 mm of rainfall. The limit of iron is more an aesthetic limit due to iron leading to staining of objects it comes in contact with or because it can lead to the water having a rust-brown colour [9] . From all the sampling conducted lead (see Figure 4f ) is of most concern with the levels exceeding the ADWG limit of 0.01 mg/L until runoff from the first 5 -6 mm of rainfall is bypassed. There was no lead flashing on the roof of the house used for this analysis. Figure 4f show the concentration of lead in rainwater (before contact with the roof) is 0.02 mg/l. The higher roof runoff is possibly due to atmospheric deposition on the roof during the intervening dry days.
Other metals such as arsenic, cadmium, chromium, copper, mercury, nickel, selenium and silver were either not detected or less then 0.002 mg/L as shown in Table 2 . Figure 4g demonstrates that levels of ammonia can be above the ADWG limit of 0.5 mg/L in runoff from the roof during the first 1.5 mm of rainfall. ADWG suggests that there is no health hazard from ingesting ammonia unless it The rainfall collected off the roof is measured in millimetres of rainfall as measured by a rain gauge on site. † Rainfall (first 5 mm) is rainwater that is collected directly as it falls and has not been in contact with the roof or the ground. It is measured in millimetres of rainfall as measured by a rain gauge on site. The rainwater collected in the first 5 mm is sampled. 
Molecular weight distribution of organic matter in roof runoff
The knowledge of how RWOM varies in the first flush of the roof runoff can provide valuable information for the design, maintenance, and operation of a rainwater tank.
A detailed variation of MWD of RWOM was monitored during a period of continuous rainfall (rainfall event 15/11/08, see Table 1 ) falling on the roof ( Figure 5 ).
The first flush generated from up to 2 mm rainfall after contact of the roof was collected and analysed.
At 0.1 mm of roof runoff, the MWD of RWOM included five major peaks namely 37,500 Da, 850 Da, 500 Da and 220 Da. As the roof runoff increased up to 2 mm, the intensity of the MWD of RWOM generally decreased.
However, a preferential removal of specific MW was not detected. This suggests that the initial flushing carries the majority of organic contaminants. The concentration of organic matter decreases with further runoff. After 2 mm of continuous roof runoff, the intensity of the MWD peaks reduced to the extent that it began to resemble results for rainwater that did not come into contact with the roof. This implies that diverting the initial 2 mm of rainfall from the roof can reduce the need for, or can simplify, the treatment process to remove RWOM.
Overall, the intensity of UVA responses significantly increased following rain contact with the roof. According to previous studies, the MW of 37,500 Da may be due to biopolymers, 850 Da to humic substances, 500 Da to building blocks, 220 Da to low MW acids, and less than 220 Da to amphiphilics (Shon et al. 2006) . This suggests that after the contact with the roof, the rainwater was significantly contaminated by biopolymers and humic substances.
This could be a result of atmospheric deposition. The findings demonstrate that diverting the first flush off a roof, which is heavily polluted, significantly improves the water quality of the rainwater collected in the tank and significantly reduces the treatment and energy requirements for filtration. 
CONCLUSIONS
